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(S4)lKle: MANin^ACTURE OF ORAITNG STRUCTURES 




(57) Abstract 

An embossing tool (40) is constructed with the patterning appropriate for the oonstmction of the optical grating structure 
of a DFB laser. This tool is advanced into the surface of a UV-curable resin layer (51) applied to the surface of a semiconductor 
slice (50), and the resulting embossed portion of the resin layer (51) is thinned to create ridges (80) separated by intervening win- 
dows to form a mask for etching of the channds (81) of a DFB grating stiuchw in the surface of the underiying semiconductor 
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MANUFACTURE OF GRATING STRUCTURES 

This invention reiates to the maidng of grating structures in the 
surfaces of Isodies. paTticuiariy, but not necessarily exciusivaly, the 
maidng of optical grating structures in semiconductor bodies such as 
for instance is called for In the manufacture of distributed feedbacl( 
(DFB) lasers and distributed Bragg reflector PBR) iaseis. 

A first order grating for an InGaAsP DFB laser operating at a 
wavelength of 1330 nm typically has a pitch of about 195 nm, while 
that of one operating at a wavelength of 1550 nm typically has a pitch 
of about 230 nm. Additional constraints are clearly required if the 
system is to be capable of creating phase-shifted gratings. 

Currently DFB lasers are being produced commercially whose gratings 
have been produced using e-beam lithography, or using 
photolithography. In the case of photolithography, a number of 
different interferometric techniques have been devised for achieving 
the requisite resolution in the face of difficulties presented by the 
resolution nmH set by classical diffraction theory. A principal problem 
with e-beam lithography is that the process is essentially a serial one in 
which each line of each DFB laser has to be separately written. 
(Typically a period of several hours may be required to write a single 
two*inch wafer). 

The present Invention Is directed to a method of grating structure 
f manufacture which does not necessitate the use of interferometric 

techniques and thus can avoid the limitations imposed by such use, 
and which allows repeated use of a tool thereby affording the 
possibility of a considerable reduction in processing time when 
engaged in mass production. 
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According to the present invention there Is provided a method of 
providing a grating structure in a surface of a body, which method 
includes the steps of 1- 

provlding a relief structure embossing tool, applying a layer of a 

curable material to saki surface of the body, 

ad>nnclng said embossing tool Into said layer to generate 

therein a complementaiy relief pattern'. 

cunng the relief patterned layer. 

eroding the cured relief patterned layer to expose portions of the 
underlying body in regions thereof registering with the thinner 
portions of the cured reGef pattemed layer and leaving residual 
other portions of ttie cured relief pattemed iayef . and 
etching said exposed portions of the underlying body, using said 
reslduaf other portions of the layer as mask material for said 
etching. 

The present Invention may be applied to a semiconductor 
manufacturing process that Involves forming air embossed optical 
grating In a layer of resfn resist deposited upon a semiconductor 
substrate, prDoessihg this resist layer to convert Its embossed pattern 
into an apertured pattern which Is then used as a mask for etching a 
correspondirtg pattern into the surface of the underlying semiconductor 
substrate. 

The Invention also provides a method of making a OFB or DBR 
semiconductor laser in which a DFB or DBR optteal grating structure is 
fomied In a surface of a semteonductorbody by etching using an etch 
mask pattemed by embossing. 

The embossing tool can for instance be made by an e-beam 
lithographic process similar to that used for e-beam flthography of a 
grating direct upon a semiconductor wafer. Alternatively it could be 
made by one of ttie other lithographic techniques currently used for 
DFB laser manufactura The manufacture of the embossing tool by e- 
beam lithography is liable to take as much time as the writing of the 
same lines on an equivalent area of semiconductor slice, and so there 
is no saving of time here. An overall saving of time comes from the 
fact that the embossing lime is short compared with the line writing 
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time, and the same embossing tooi can be used many times over. 
Furthermore, the embossing does not need to be performed in vacuo, 
thus avoiding the tedious ioading time and effort associated with e- 
beam writing of semiconductor slices which, of course, does 
necessarily require a vacuum. 

There follows a description of the malting of an embossing tooi and of 
its use in creating, in a manner embodying the invention In a preferred 
forni, an optical grating stnicture in the surface of a semiconductor 
slice. The description refers to the accompanying drawings, In whlch:- 

Figures 1 to 4 schematlcaliy depict successive stages in the 

manufecture of an embossing tool, and 

Rgures 5 to 8 schematically depict successive stages In the 

making of an optical grating structure surface on a 

semiconductor body with the aid of that tool. 

Refen'Ing to Figure 1. a low expansion UV transmissive optical flat 10. 
for instance of fused quartz, is provided with a mask layer 11, for 
instance of chromium, and then a layer of e-beam resist 12. An 
electron beam machine (not shown) is then used to write an optical 
grating structure into the resist layer 12. The layer is then processed 
using conventlonai lithographic techniques to develop the lines and 
produce a structure as depicted in Rgure 2 in which windows are 
opened between adjacent stripes 12a of residual e^beem resist These 
stripes 12a are employed as a mask for wet or dry etching the 
underiying chromium layer 11. The resulting residual stripes 1ta 
(Figure 3) of chromium are, in their turn, employed as a mask for 
reactive ion etching of the underiying silica, using for instance carbon 
tetrafiuoride as the etchant Rnaiiy the resMual chromium stripes 11a 
are removed by etching to leave the completed embossing tool 40 as 
depicted in Rgure 4. 

Refenring now to Rgure 5, a semiconductor slice 50 is provided with a 
resin iayer 51 which is to be embossed with the embossing tool 40 of 
Figure 4. The semiconductor slice has an inP substrate upon whteh 
have been grown a number of InGaAsP layers (not shown) by vapour 
phase epitaxy as the first stage of a 2-stage epitaxiid growth process 
employed In the manufacture of DI=B lasers. 
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Embossing techniques in ivhich relativety fine detail is emt>os8ed into a 
resin layer are already fcnown for instaniee from the manufacture of 
compact discs. In conventionai compact disc manufacture such resins 
are heat-cured but, whereas the shrinitage that accompanies this 
curing can be tolerated because it does not lead to any significant 
degradation of the digitally stored infonnation content of the compact 
disc, such shrinkage is much to great to be acceptable for DFB or OBR 
grating manufacture forwhich the absolute value of the grating pitch Is 
critical, as also is the preservation of the integrity of any phase*shift 
region. However It Is found that these finer resolution requirements 
can be met by certain UV-curing resins. Thus for Instance M. Okai et 
al describe the raaldng of a UV-cured resin-embossed grating for use 
in DFB laser manufacture In an article entitled 'Novel method to 
fabricate comigatlon for a 3^4-shifted distributed feecQ>ack laser using a 
grating photomask', Applied Phystes Letters, Volume 55, Number 5 
pages 415-7, 3tst Juiy 1989. in that instance the embossed resin 
layer is not a layer applied to the semiconductor surface for 
subsequent use as mask for etching the underlying semiconductive 
material, hut jhsfead Is applied to a transparent substrate to form a 
phase object through which coherent light is projected to produce an 
interference pattern that Is employed to pattern a layer of photoresist 
applied to the semiconductor surfece. 

A suitable UV-curtng raan, with appropriate release properties and 
dbnensional Mablii^ for use as the layer 51 of Figure 5 is a resin 
supplied by EJ. du Pont de Nemours & Company, A preferred dass of 
resbi for this purpose is Ihe class of UV-curing resin in which 
differentia] partial UV-induced polymerisation caus^ a depression of a 
monomer content of the rssfn which, in its tum» Induces a diffusion of 
monomer from the inltlBliy tess-exposed (or initially unexposed) regions 
mto the initiaiiy more exposed regionSr therei>y creating an enhanced 
moiecuiar concentration In these regions that were initially more 
exposed. Such a monomer may for instance be N-vinylcart}a2ole. A- 
feature of such a resin is that its photo-induced monomer flow provkies 
a way of achieving, at relatively low embossing pressures, relatively 
high quality reproduction in the resin of relatively highly le-entrant and 
high resolution profile features of the embossing surface of the 
embossing tool. This is particular^ useful when attempting to emboss 
a resin layer supported upon a relatively britUe substrate, such as one 
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substrate, such as one made of single crystal indium phosphide. Using 
this type of resin, there can in some circumstances be advantage in 
using an embossing tool designed to entrance the photo-induced 
monomer flow by augmenting the differential UV exposure between 
th(»e portions of the resin registering with troughs in the embossing 
tool and these portions registering with protrusions. This augmentbg 
may be achieved by providing the tool surface of the embossing tool 
with an optically absorbing or optically reflective surface layer (not 
shown) in some regions but nd others so as to form a pattern 
conforming to the relief pattern of the tool. 

The embossing toot 40 of Figure 4 is advanced into the uncursd resin 
layer 51, as depicted in Rgure 6. Ultra-violet light is then directed 
through the embossing tool 40 and into the resin layer to cure it before 
removing the tool to leave exposed the resin layer 51 in its embossed 
fomn as depicted in Rgure 7. The embossing tool may now be moved 
to another location (not shown) to emboss another part of the resin 
layer under which there is to be formed the gratino structure of e 
second DFB taser, and this location Is also irradiated with uitra-vioiet 
light through the embossing toot to produce localised curing of the 
underlying resin. Before proceeding to the next stage of manufacture, 
comprising the thinning of the now-embossed resin layer 51, for 
instance by ion etching, this embossing and localised curing procedure 
may be repeated to produce as many localised emtiossed regions as 
are required to be fonned in the semiconductor slice, in the foregoing 
description It has been impiicitly assumed that the embossing tool has 
been constructed to be large ^ough to provide the grating ^ructure 
for only a snigie laser at a time, but it virill be apparent that the tool can 
be made larger so as to emboss the grating structures of a ^ngie 
compact group of lasers at a time. 

In the course of the thinning of the layer 51 , the thicker parts 71 (Figure 
7) of the layer that registered with recesses in the embossing tool 40 
iseoome reduced in thidcness, but remain intact, whereas the ttunner 
parts 72 that registered with protrusions of fine embossing toot become 
eroded entirely away, in this way the integrity of the layer 51 Is lost in 
the embossed regions, and in its place there is fornied a set d stripes 
80 (Rgure 8} which are utilised as a mask for the etching of the 
underiying semiconductor slice 50, for instance by reacth^e k>n etching 
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or by wet etching, to form the grooves 81 of a DFB grating structure. 
The remains of tlie resin, layer 51 are then entireiy removed 
preparatory for the second stage of epitaxial growth, and further 
processing of the slice SO before |t is divided up into individual laser 
chips (not shown). 
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CLAIMS 

1 . A method of providing a grating structure in a surface of a body, 
which method includes the steps of:- 

providing a relief structure emt}osstng tool, a^^lying a layer of a 

curable material to said surface of the txxty, 

advancing said embossing tool into said layer to generate 

therein a oomplementaiy relief pattern. 

curing the relief patterned layer. 

eroding the cured rellaf patterned layer to expose portions of the 
underlying body in regions thereof registering with the thinner 
portions of the cured relief pattemed layer and leaving residual 
other portions of the cured relief pattemed layer, and 
etching said exposed portions of the underlying body, using said 
residual other portions of the layer as mask material for said 
etching. 

2. A method as claimed in dalm 1. wherein the relief pattemed 
resin layer Is cured with ultra-vioiet light directed into the layer through 
the embossing tool. 

3. A method as claimed in dalm 1 or 2, %vhereln said body Is a 
semtoonductor body. 

4. A method of provicfing an optical grating stmcture in a surface of 
a body, which method is substantially as hereinbefore described with 
reference to the accompanying drawings. 

5. A semiconductor device having a distributed feedback or a 
distributed reflector by an optical grating structure provteled by the 
method claimed in claim 3 or 4. 

6. A method of making a DFB or DBR semiconductor laser in 
which a DFB or DBR optical grating stmcture is formed In a surface Of 
a semiconductor body by etching using an etch mask pattemed by 
embossing. 
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AMOIDED CUIUS 

[received tte IntematloDal Bureau on 24 August 1993 (24.08.93); 
new claim 3 added; claims 3-5 renumbered as claims 4-7 
oitter claimR \iQcbanged (2 pages)! 

1 . A method of providing a grating structure In a surface of a body, 
which method Inciudes the steps of:- 

providing a relief structure embossing tooi, applying a layer of a 

curable material to said surface of the body, 

advancing said embossing tool into said layer to generate 

therein a complementary relief pattern, 

curing the relief patterned layer, 

eroding the cured relief patterned layer to expose portions of the 
underlying body in regions thereof registering with the thinner 
portions of the cured relief patterned layer and leaving residual 
other portions of the cured relief patterned layer, and 
efdiing said exposed portions of the underlying body, using said 
residual other portions of the layer as mask material for said 
etcMng. 

2. A method as claimed in claim t, wherein the reOef patterned 
resin layer Is cured, with ultra-vioiet light directed into the layer through 
the embossing tooi. 

3. A method as claimed in claim 2 v^erein the surface of the 
embossing tool that generates the complementary relief pattern in the 
layer of curalsle material is provided with an optically absorbing or 
optically reflective surface layer in selected regions so as to forni a 
pattern conforming to the relief pattern. 

4. A method as claimed in claim 1 , 2, or 3, wherein said body is a 
serniconductor body. 

5. A method of providing an optical grating structure in a surface of 
a body, which method is substantially as hereinbefore described with, 
reference to the accompanying drawings. 

6. A semiconductor device having a distributed feedbaci( or a 
distributed reflector by an optical grating structure provided by the 
method claimed in claim 3, 4 or 5. 
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7. A method of making a DFB or DBR semiconductor laser In 
which a DFB or DBR optical grating stmcture is formed in a surface of 
a semiconductor body by etching using an etch masl( pattemed by 
ombossing. 
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